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It has been well documented that human milk contains several immunomodulator components which are important during infant
period when the newborn’s immune system is still under development. In this study, we aim at examining levels of cytokines, zinc
(Zn), and copper (Cu) in milk from mothers of premature and mature infants, and comparing changes during lactation periods
consequently. Milk was collected from total of 40 mothers (group M: mothers of mature infants, n = 20; group PM: mothers
of premature infants, n = 20) from four lactation stages: colostrum (0–7 days), transitional (7–14 days), mature milk (21 days),
and mature milk (2nd month). Levels of cytokines (interleukin [IL]-lβ, IL-2, IL-6, IL-8, tumor necrosis factor-alpha [TNF-α]) were
determinedbychemiluminesencemethod,whereasatomicabsorptionspectrophotometerwasusedforthedeterminationofZnand
Cu levels. Cytokine levels were determined to be high in colostrum and transient milk from mothers of full-term infants, whereas
their levels were reduced drastically in the 21st day and the 2nd month milk (P<. 01, P<. 001). Similar trends were observed in
milk from mothers of premature infants, but cytokine levels were signiﬁcantly lower in colostrum compared to colostrum from
mothers of mature infants (P<. 01). The diﬀerences in cytokine levels were continuous in transient milk (P<. 05) and mature
milk (21 days) (P<. 05), whereas there was no statistically signiﬁcant diﬀerences between milk from both groups of mothers in
the 2nd month (P>. 05). Zn levels in milk from mothers of premature infants were signiﬁcantly lower compared to the ones from
mothers of mature infants (P<. 01) and these diﬀerences continued through the 2nd month. Although Cu levels were lower in milk
from mothers of premature infants, there was no statistically signiﬁcant diﬀerence except colostrum (P>. 05). Our results clearly
demonstrate that the level of immunomodulating agents such as cytokines and trace elements in milk from mothers of premature
infants is less than the level of the same agents in milk from mothers of full-term infants. Although there are commercially available
products for infant feeding, human milk is still the best natural nutrient for newborns. Therefore, when premature infants are
breastfed, necessary precautions such as supplemantary diets must be considered for possible infections and risks related with
immune system deﬁciency.
INTRODUCTION
H umanbr eastmilkpr o videsanidealnutrientc ompo-
sition for the newborn. The composition of human milk
provides the infant with all its nutritional requirements in
its early life [1]. It is widely believed that human milk not
onlycontainsnutrientsnecessaryforgrowthanddevelop-
ment of newborns, but also contains immunomodulator
agents which helps the development of the immune sys-
tem [2, 3]. The immune system in human milk is com-
posed not only of direct acting antimicrobial agents and
antiinﬂammatory factors, but also of immunoregulators
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[4]. The transfer of numerous cytokines and growth fac-
tors via mother milk may add to an active stimulation
o ft h ei n f a n t ’ si m m u n es y s t e m[ 5, 6]. Human breast milk
containsavarietyofsubstancessuchashormones,growth
factors,cytokines(Interleukin[IL]-1β, IL-2 IL-6, IL-8, tu-
mor necrosis factor-alpha [TNF-α]), and trace elements
(Zinc [Zn], Copper [Cu]) [1, 2].
It has been reported that human milk components
p r o t e c tb a b i e sf r o mp a t h o g e nb a c t e r i a[ 7]. When hu-
man milk was given to premature newborns, incidence
of infections were reported to be lower with respect to
commercially available formulas [1, 2, 3, 7]. The babies
who were fed with human milk develop a natural defence
against Bacteroides, Clostridium, and Escherichia coli. Cy-
tokines are among the agents with potential immuno-
logical components in milk and they play vital roles in
the regulation and behavior of the immune system cells.332 Bilal Ustundag et al 2005:6 (2005)
Cytokines are small soluble glycoproteins that act in
autocrine-paracrine fashions by binding to speciﬁc cel-
lular receptors, operating in networks, and orchestrat-
ing immune system development and functions. These
cytokines are present at picogram quantities. However,
early milk has an abundance of cytokines at a time when
neonatal organ systems are immature, suggesting that
these bioactive components of milk might be important
in neonatal development [8, 9].
In addition, trace elements such as Zn and Cu found
in human milk are very important for newborns growth
and development. Those trace elements deﬁciency may
lead to adverse eﬀects on growth velocity, motor develop-
ment, cell-mediated immunty, and skeletal development
in preterm babies who can not receive adequate amount
of them [10, 11].
In the present study, we aimed at examining and com-
paring the levels of some cytokines and trace elements in
milk from mothers with mature and premature infants.
In addition, changes during the lactation period were also
evaluated.
MATERIALS AND METHODS
Studypopulation
Total of 40 lactating mothers (mothers with mature
babies [group M, n = 20], mothers with premature
babies [group PM (less than 37 weeks gestational age),
n = 20]) voluntarily participated in this study. Their par-
ity ranged from 1–2 times. The cigarette smoking moth-
ers were excluded. The mothers have the same socioeco-
nomic conditions. These women were routinly visiting
pediatric clinics at the Firat Medical Center, Elazig. All
womenwer ehealth y ,gr oupMaged(23.0±1.0)andgroup
PM (21.0±2.0). Their weights ranged from 50–65kg and
were not taking antiinﬂammatory medication at the en-
rollmenttime.Milkwascollectedfromallmothersatfour
diﬀerent time points; 0–7 days (postpartum, colostrum),
7–14 days (transient period), 21st day (mature milk), and
2nd month (mature milk) [12].
In this study milk samples were collected from each
mother by manual expression into sterile polypropylene
containers on 0–7 days, 7–14 days, 21st day and 2nd
month postpartum either at home or at the hospital. Col-
lection was standardized to reduce potential diurnal vari-
ability in cytokine measurements. Specimens were ob-
tained within 2 hours of the ﬁrst feeding in the morning;
deﬁnedas8AMto11AM.Motherswereaskednottofeed
from the breast used for specimen collection for 2 hours
before collection. All samples were stored at 4◦Ca n dp r o -
cessed within 2 hour of collection. After centrifugation at
690Xg for 20 minutes, the aqueous phase was collected
a n ds t o r e da t−40◦C until analyzed for cytokine and trace
elements[17].Sampleswereassayedwithinthetwoweeks
of storage. Special directions were forwarded to mothers
not to take any medications.
Cytokine levels (IL-lβ, IL-2, IL-6, IL-8, TNF-α)w e r e
determined with chemilumminessence method, and
BIODPC diagnostic kits (IL-lβ, IL-2, IL-6, IL-8, TNF-α,
BIODPC, Istanbul, Turkey, DPC, Calif) with IMMULITE
2000 hormon auto-analyzer (BIODPC, Istanbul, Turkey,
DPC, Calif), whereas levels of Zn and Cu were deter-
mined by atomic absorption ﬂame spectrophotome-
ter (Schimadzu AA 6701F, Schimadzu Corp, Tokyo,
Japan).
Statisticalanalysis
Values obtained from each group are presented as
mean±SD.Studentt testwasusedforevaluationbetween
two groups of mothers. To analyze changes dependent on
time,inthisstudywereutilizedANOVAandpostANOVA
tests, Turkey and Scheﬀe.
RESULTS
Values obtained from measurement in milk from
mothers of premature and mature infants are shown in
Figures 1a, 1b, and 2.
Meaningful changes in cytokine levels (IL-lβ,I L - 2 ,I L -
6, IL-8, TNF-α) were observed in milk from mothers of
p r e t e r mb a b i e sa ss e e ni nF i g u r e s1aa n d1b. Nevertheless,
the diﬀerences between the two groups diminished at the
end of the 2nd month of lactation for some parameters.
Thecytokineandminerallevelsinthemilkofmothers
with term babies were higher than in the milk of mothers
with premature newborn. Moreover, in both groups milk
cytokine and mineral levels were high in colostrum and
decreased over time.
The levels IL-1β and IL-6 only reached the highest
point in 7–14 days milk of mothers of premature and ma-
ture infants (Figure 1a).
All studied cytokines and trace elements were ascer-
tained at lower level except IL-8 for milk of mothers of
premature infants. It was observed that the change man-
ners in levels of cytokine and trace elements are similar in
themilkofmothersofmatureandprematureinfantswith
respect to milk collecting phase.
IL-2 and TNF-α levels were higher in clostrum, but
reduced in later stages of lactation (Figure 1b). Zn and Cu
levels were lower in milk from mothers of preterm infants
compared to milk of mothers of mature babies (Figure 2).
DISCUSSION
Several diﬀerent cytokines and chemokines have been
discovered in human milk and the list is growing very
rapidly. Cytokines operate in networks and produce a cas-
cade of eﬀects that contribute to the orchestration, de-
velopment, and functions of the immune system. The
production of cytokines is delayed in neonates and in-
fants, and cytokines in human milk may be able to inter-
act with mucosal tissues in the upper parts of the respi-
ratory and alimentary tracts providing antiinﬂammatory2005:6 (2005) Cytokines and Trace Elements in Breast Milk 333
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Figure 1. (a) Comparison of cytokine (IL-1β, IL-2, IL-6) levels in milk from mothers of mature (group M) and premature (group
MP) infants. (b) Comparison of cytokine (IL-8, TNF-α) levels in milk from mothers of mature (group M) and premature (group PM)
infants.
and immunomodulatory eﬀects upon the recipient in-
fants [5, 6]. Human milk protects babies from pathogenic
organisms and/or reduces risks of infections since it con-
tains several immunomodulator agents and trace ele-
m e n t ss u c ha sZ na n dC u[ 1, 7]. Several studies clearly
demonstrated that, in addition to hormones and growth
factors, human milk also contains several biologically ac-
tive substances such as cytokines [12, 13]. Nevertheless,
there is currently a limited number of studies related with
thecontentofhumanmilkduringpostpartumperiod[5].
Changes in the composition of human milk during post-
partum lactation period is especially important for pre-
mature newborns.
Meki et al [5]reportedthatthegestationalageatdeliv-
ery may not have any eﬀect on the breast milk levels of cy-
tokines. In our study, levels of some cytokines (IL-1β,I L -
6, TNF-α) were found statistically diﬀerent between two
groups of milk except from 60th day mature milk. The
levelsofIL-2andCuwerefoundstatisticallydiﬀerentonly
in colostrum. No signiﬁcant diﬀerences between the two
groupswerefoundinthelevelsofIL-8butstatisticallysig-
niﬁcant diﬀerences were found in the levels of Zn.334 Bilal Ustundag et al 2005:6 (2005)
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Figure 2. Comparison of trace elements (Zn, Cu) levels in milk from mothers of mature (group M) and premature (group PM)
infants.
Srivastava et al [12] determined IL-lβ at high levels in
human milk, but they did not examine IL-lβ levels during
lactationperiod.Hawkesetal[13]reportedthatIL-lβ lev-
els were higher in milk from mothers of mature newborns
compared to milk from mothers of premature ones. In
thisstudy,Il-lβlevelsdeclinedattheendofthe2ndmonth
the diﬀerences between two groups disappeared after the
2nd month.
We could not ﬁnd any statistically signiﬁcant diﬀer-
ences in IL-2 levels between the two groups of milk ex-
ceptforcolostrum.IL-2levelsgraduallydecreasedinboth
groups within two months.
IL-6 is often used as a marker for systemic activation
of proinﬂammatory cytokines. The large amount of IL-6
is secreted into whey with the corporation of TNF-α and
IL-1β[14,15].IL-6inhumanmilkmayaﬀecttheimmune
system of the mammary gland and of the recipient in
otherways[5].IL-6levelsinmilkfrommothersofmature
babies were increased, especially in the two weeks of post-
partum period. Although IL-6 levels decreased at the end
of the 2nd month, they were still high. On the other hand,
IL-6levelsinmilkfrommothersofprematurebabieswere
lower, especially in the 2nd week after birth, compared to
IL-6 levels in milk from mothers of mature babies [16].
Eglintonetal[17]andR udloﬀetal[18]reportedthepres-
ence of IL-6 (151 ± 89pg/mL) in colostrum milk of the
1st week, but their values were low with respect to other
reported studies [12, 13]. On the other hand, increased
IL-6 levels in human milk were reported by Hawkes et al
[13]a n dR u d l o ﬀ et al [18] which are in agreement with
our ﬁndings. Meki et al [5] found that the level of IL-
6 in colostrum (978.80 ± 86.80pg/mL) was signiﬁcantly
higher than both transitional (162.90±29.67pg/mL) and
mature (86.92 ± 2.47pg/mL) milk. Similarly, Saito et al
[14]r e p o rt e dh i ghl ev e l so fI L - 6i nc o l o s t ru m .D i ﬀerences
in methods used for determination of IL-6 levels partly
can explain the discrepancy among studies. But, the main
point is the increase of IL-6 in human milk, especially
within the ﬁrst two weeks after birth.
High levels of IL-8 may play signiﬁcant role in the
movement of maternal neutrophils, monocytes, and lym-
pocytes to the milk and perhaps subsequently across the
neonatal bowel wall. Such traﬃcing contributes to mu-
cosal defense and the development of the immune system
ofthenewborn.Wedidnotobserveanystatisticallysignif-
icantchangesinIL-8levelsinourstudy.Milkfrom14days
of both groups had slightly increased in IL-8 levels, but
those increases diminished quickly. Meki et al [5]f o u n d
that IL-8 levels in colostrum (585.70±30.75pg/mL) were
signiﬁcantlyhigherthaninboththetransitional(308.10±
35.47pg/mL) and the mature (200.30 ± 25.01pg/mL)
milk. On the other hand, Michei et al [19] reported the
same dynamic changes of IL-8 levels. Meki et al [5]f o u n d
thatIL-8levelinpretermmilk(386.10±50.30pg/mL)was
apparently lower, but statistically insigniﬁcant in compar-
ison with full-term milk (446.90 ± 32.11pg/mL) at the
same periods of lactation. Similarly, Srivasta et al [12]a n d
Michei et al [19] did not ﬁnd diﬀerences for IL-8 levels.
Montagne et al [20] reported that the dynamics of major
immunologic and nutrient components in early lactation
had similar pattern in both preterm and mature human
milk. IL-8 is the only cytokine that was higher in milk
from mothers of premature babies, but it is not signiﬁ-
cant. IL-8 is one chemoattractant cytokine and acts as a
proinﬂammatory mediator [19]. IL-8 was signiﬁcantly el-
evated in mature milk of allergic mothers. The presence
of IL-8 in breast milk might be responsible for the traﬃc
of leukocytes from the maternal circulation to the breast
milk [5].
TNF-α existence in human milk stimulates IL-6
production via mononuclear leucocytes, inactivates
macrophages, and its level is increased especially within
the1stweektothedelivery[18].TNF-αisaproinﬂamma-
tory cytokine. It is a physiologically signiﬁcant regulator2005:6 (2005) Cytokines and Trace Elements in Breast Milk 335
of mammary gland development, stimulating growth and
branching morphogenesis of mammary epithelial cells,
and modulating functional diﬀerentiation [21]. The sol-
uble receptors for TNF-α exert antiinﬂammatory eﬀects
in some systems. Interaction of inﬂammatory cells with
vascular endothelium and of proinﬂammatory cytokines
with their cellular receptors occurs early in inﬂamma-
tion, and blockade either result in antiinﬂammatory ef-
fects. Milk TNF-α is secreted by milk macrophages and
by mammary epithelium [5]. TNF-α in colostrum and
milk besides its proinﬂammatory action as one of the ma-
jorhostdefensecomponentsagainsttraumaandinfection
bridging the defective TNF-α production by the neonate.
It produces these eﬀects without causing inﬂammation,
probably due to the presence of their speciﬁc receptors
in human milk. In our study, the levels of TNF-α in
colostrumweresigniﬁcantlyhigherthanbothtransitional
and mature milk, respectively. TNF-α levels were lower in
colostrumfrommothersofprematurebabieswithrespect
to colostrum of mothers with mature babies. But dur-
ing the lactation period of two months, the diﬀerences
between two groups disapperead. Meki et al [5]f o u n d
highlevelsofTNF-αincolostrum(402.80±29.65pg/mL).
High level of TNF-α in colostrum has decreased in tran-
sitional milk (135.50±8.26pg/mL), and then reincreased
in mature milk (178.30 ± 14.41pg/mL). Munoz et al [22]
found low levels of TNF-α during ﬁrst two levels after
birth whereas Rudloﬀ et al [18]r e p o r t e dh i g hl e v e l so f
TNF-α values seem to be in agreement with the data that
Meki et al [5]reportedinstudy.Whendiﬀerentperiods of
lactation are considered, there are meaningful diﬀerences
in TNF-α levels between colostridial and other milk [23].
In this study we also determinded levels of two trace
elements, Zn and Cu, whose presence in milk is vitally
important, especially for premature newborns. Zn (241±
28.1, 228 ± 18.9, 239 ± 20.0, and 201 ± 17.5µg/dL, resp)
and Cu (91.0 ± 8.6, 87.0 ± 7.8, 93.0 ± 8.7, and 84.0 ±
5.3µg/dL, resp) levels in milk from mothers of prema-
ture babies were signiﬁcantly lower than the ones from
mothers of mature newborns (Zn 308 ± 30.4, 272 ± 19.8,
265±20.3, 281±18.0µg/dL and Cu 112±13.8, 103±9.8,
109 ± 10.7, 97 ± 8.8µg/dL, resp). Cu levels in milk from
mothers of premature babies were no signiﬁcant diﬀer-
ence than the ones from mothers of mature newborns
except from colostrum. Nevertheless, at the end of the
2nd month of lactation, there was reduction in their lev-
els in both groups of milk and no signiﬁcant diﬀerence
between the two groups. Sharda et al [10]( p r e m a t u r eZ n
72.6 ± 1.6µmol/L and Cu 7.7 ± 0.3µmol/L, mature Zn
76.9 ±1.2µmol/L and Cu 8.0 ±0.6µmol/L) emphasize in
their study that those babiesshould be supported withex-
ternal Zn and Cu. Our results also point out that Zn and
Cu levels are lower in milk from mothers of preterm ba-
bies and these deﬁciencies will be supplemented for nor-
mal growth and development of preterm babies.
Theimmunesysteminhumanmilkplaysrolesinpro-
tecting not only the mature, healthy newborn, but also
premature infant who is more prone to infections and
damage caused by inﬂammatory processes. The human
milk-fed preterm infant may experience improved health,
such as, lower rate of infection, necrotizing enterocolitis,
better gastrointestinal function, and neurodevelopment
[24, 25]. The eﬀects of milk cytokines on the maturation
and functions of the epithelium, mucosal, or submucosal
leukocytesandotherspecializedcellsandstructuresinthe
alimentary and respiratory system should be particularly
targeted for investigation [8].
The physiological changes of cytokine proﬁle at dif-
ferent periods of lactation may reﬂect the changes in the
immunesystemofthebreastandalterationintheneedsof
the newborn for these cytokines. These dynamic changes
in colostrum, transitional, and mature milk may be due
to changes in the immune system of milk during lactation
periods,whichmaybeassaociatedwithchangesintheim-
mune system of the recipient infants.
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